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(54) CnOCOB PEMOHTA OBCA^HblX K0- 

/10HH 

(57) Mcno^b30B3HMe: peMOHT ysacTxoB c o^a- 
raMM pa3pyuieHw« m Ae4>eKraMM b ctgh icax o6- 

C8AMWX KOJIOHH. Cyil|HOCTb M3o6peieHMfl: 
noA6wpa»OT uM/iMHApMMecxwft naTpyOox pac- 
MeTMoro nepMMerpa, ahhhb xoTbporo 6o/ibiue 



BHyrpeHHero AnaMeipa 2 peMOHmpyeMoro 
ynacTxa o6caAnofi ko/iohmw. a a/imh3 naTpy6- 
ica 6o/ibiue a^mhw MHTepsana noBpexAeHwa. 
npovi3BOA«T nonepoMHyio Ae<fropMauwo naT- 
py6xa no BceB fxnane ao noiepw ycTOMHweo- 
cm, <|>MKcauMio ero b stom nonoxeHMM, cnycx 
b CKBaxwHy m ycTaHOBKy b 30He noBpe*Ae- 

HMfl nyTeM 4>MKCaTOpOB. PPM 3TOM M3T€pwa/l 

naTpyfixa Bw6npaiOT no MOAy*»o ynpyrocm - 
E. KOTopufl onpeAe/iB»OT W3 cooTHOujeHMR: 

1 1 P rAe P - KOHTaxTHoe AaB/ieHne 



E« 



naTpy6*a Ha ctchkm o6caAHOft ko/iohhu: n - 
To/iiuMHa CTenxM naTpyGica; R - paAwyc BHyT- 

peHH6M CTCHKM 06C3AHOfl KO/TOHHW. 4 M/l. 
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W3o6peTeHne othocmtch x TexnonorMM 
peMOMTHwx pa6oT a Me<J>ieflo6biBaiomea npo- 
MuiuneMHOCTM. a mmchho, k cnoco6aM /imkbm- 
AauMM ysacTKOB c osaraMM pa3pyweHM« m 
Ae^erraMM b cTeHxax o6c3ahwx ko/iohh. 

Ue/ib M3o6peTeHHfl - noauweHMe 34>4>eK- 
tmbmoctm pcMOHTHfaix pa6oT m o6ecneseHMe 
paBHOMepHoro npnxaTMa narpy6xa no Bcefl 
ero AAHHe * o6c3ahom KonoHHe npw ynpoiue- 
hmm npouecca ycTaHOBKM naTpy6xa aa cseT 
McxmoMeHMfl AonoiiHyrre/ibHoro bosac^ctbmb 

Ha Hero. 

Ha <J>mi\ 1 w3o6paaceHO ycrpb&CTBO nnn 
npMBeAeHWfl naTpyGxa b cocto»hm6 noTepw 
ycTOAMHBOCTH: Ha <frMr. 2 - ceMenne A-A Ha 4>nr. 
1; na 4>wr. 3 - ccMeKMe B-B na <J>Mr. 1; Ha <jmr. 
4 - naipySox, aa^nxcwpoBaMH b coctoa hmm 
noiepw ycToftHMBocTw. 

. ycTpoftcTBo Ann npMBeAeHMH naTpy6xa 1 
b cocTo«Hwe nofepw ycroftsMBOCTvi - npoTRrw- 
Baiomee ycrpoflCTBO - npeAcrap/uieT co6om 
KOHMM^cicyio onpaBxy 2 c 4>opMoo6pa3yioiUMM 
crepxHeM 3 w ponw*aMM 4, aaxpenneHHUMM 
no A^MHe onpaaxw. PonnxM 4 CB*3aHu c Mexa- 
MMMecxMM npMBOAOM 5. spameHMe Ha KOTopu a 
nepeAaeTcn ABwraTeneM B.T1ocne npMBeAe- 
MMA naTpy5xa b cocTOBHMe noTepw yctommmbo- 
ctm npw noMomn ashhoto ycTpoAcTaa oh 

4>MICCHpyeTC5l B 3T0M coctoahmm nocpeACTBOM 
<j>MKC3T0p0B 7, COeAMHeHHUX Mex<Ay coOofi 
ct€ pxcH n mm 8. flpuBOA 5 npeACTaB/iflCT M3 ce- 
6s ayGnaTyio nepeAavy c oahom BeAyuieft 9 h 
AByMn seAOMUMM ujecTepusMM 10, 11. BeAy- 
ma« uuecTepH« 9 ycTaHoaneHa Wa buxoahom 
Bany 12 ABwraren* 6; Ha Bany .13 sepxHeft 
BeAOMOft id ecTc p h m ycra hob/i g h Kpaftowfi Bep- 
xhhm po/iMK 4. a Ha Bany 14 Hvutuieft BeAOMon 

UJeCTepHK KP3MHMH HMXCHMft PO/1MK 4. Po/IMKH 

4 (w BepxHue, m hmxchmc) cBaaaHHbie npuBOA* 

HUM peMHCM 15. PoAMKM 4, He CBfl33HHWe c 

BaviaMM 13 m 14. Buno/iHBHbJ ynpyroanscTWM- ' 
humm M/114 noAnpyxcMHeHbi b peaynbTSTe nero 
ohm oTcne.xcMBaiOT Ae<t>opHai|Hio naTpyGxa. 
Bokobuo po/ihkm 4 aaicpeniieHu b xoHMuecxoft 
onpaaxe 2 c BOSMOxcHOCTbio apameHwa. Ohm 
He noAnpyacMHeHbi m ycTaHOBnewu coocho k 
4>opMoo6pa3yK>meMy crepxcHK) 3. 

Cnoco6 peMOHTa 3axnK>MaeTcn b c/ieA/K> 

BHdMa/ie ocymecTB/iaiOT noA6op naipy6- 
xa pacneTHoro nepMMeTpa m ynpyrocm. haT- 
py6ox 1 BunonHfliOT b bmac tohkoctchhoto 
xpyroBoro UM/iMHApa M3 MaTepwana o6naAaio- 
mero cbomctbom ynpyrocTM, npuweM nepw- 
MeTp ' UM/iMHApa 6o/ibUJe BHyTpeHHero 
nepMMeTpa peMOHTwpyeMOM o6caAHOw xo/ioh- 
Hbi, a AnMHa - 6o/ibiue MHTepBana noBpe>KAe- 
HM« o6caAHOw xonoHHbi. B KanecTBe 
MaTepMana M3roToaneHM» naTpy6xa MoxceT 



6blTb MCn0/1b30B3H3 BbicoxoKasecTBeHHafl 3a- 
ica/ieHHafl CTanb. CTexiionnacTMK m APy^we ms- 
Tepwanu, xapaKTepHaywmne TeM, mto 
HanpnxeHMJi. BOSHMicaioiUMe b hmx noc^ie no- 
5 Tepw ycTOwsMBOCTM, He npeBbiuiawT npeAenoB 
TexyMecTM ashhux MaTepna/iOB. T.e. coot- 
aeTCTByiOT ynpyrwM Ae<t>opM3UMBM 3tmx M3Te* 

pHdJlOB. 

3aTeM np0M3BOAHT nonepenHyx) Ae<t>op- 
1 0 MauMK) naTpy6xa no ecew A^wne ao noiepw 

yCTOHMMBOCTM M 4>HXCaUMK> ero B 3TOM COCTO" 

fiHMM. An" 3Toro naipyOox 1 noAawT Ha bxoa 
onpaaxn 2 npoT»rMBa»oiAero ycTponcTBa c 
npeABapwTenbHO.BxniOMeHHbiM ABwraTe^eM 6, 
15 nepeAatoiuHM Bpataenne Hd ponvtxH 4 c no- 

MOlUblO MdxaHMHecxoro npHBOAB 5. Po/imxm 4 

3axBaTbiBix)T narpyGox h npoTRrMBaioT ero 
BnyTpb xoHMMecxoft onpaBKM 2 ycTpowcTBa. no 
" Mepe ABM)xeHM» naTpy6xa BAonb BHyTpeHHeM 

20 noBfipxHOCTM nodeneHHO yeejiMMMBaeTcsi pa- 
AManbHaw Harpyaxa, AencTByiomafl Ha Hero co 
CTOpOHbi onpdBKM M3-33 yMeHbiueHMn ee flwa- 
MGTpa. M3BecTH0, htotohkmo ynpyrne o6onoM- 
km noA AeftCTeweM paAwanbHOM narpy3KM 

25 TepBK>TycTOMMMBOCTb, nepexoA» x HOBOMyco- 

CTOflHMK) paBHOBeCMfl C BbinyKilOCTbK), 

o6paiueHHOti x ueHTpa/ibHow ooa MMnMHAps. 
Ann o6ecneHeHMa nepexoAa naTpy6xa b co- 
cTOAHwe noTepM ycroMMUBOCTM cnyxMT 4>op- 

30 Moa6pa3yK>tuMM CTepxeHb 3, xotopum 
KOHueHTpvipyer paAnanbnyio Harpyaxy Ha naT- 
py6oK. TepaioiUMH ycTOMMHBOCTb. flanbHeft- 
ujafl npOTUJxxa naTpy6xa CB«33Ha c 
npoAonxawiuMMCH yaenMHeHMeM paAwanbHoft 

35 Marpy3XM m npMBOAMT x yBenMMeHHto Bunyxno* 
ctm o6onosKM naTpy6xa. noTepflBUjew ycTOfi- 
MMBOCTb, b pe3y/ibTaTe sero pa3Mepw 
naTpy6xa 6yAyT cooTeeTCTBoaaTb TpaHcnopT- 
hwm pa3MepaM Ten, cnycxaeMux a cxaa^MHy. 

40 B MOMeHT AOCTMtteHwn naTpy6KOM TpaHcnop- 

THblX pa3MepOB OH npOTflTMBaeTCfl X KOHUy 

onpaBKM 2 m Ha BuxoAe m Hee CTwrMBaeTcn 
HecxonbXMMM 4)MKcaTop3MM 7 (cm. 4>wr. 4). xo- 
Topue xcecTKo coeAHHflk>T mbxcay co6om dep- 

45 XCHflMM 8. TaKMM o6p330M OCyU4eCTB/lflK)T 

onepauMK><t>wxcMpoBaHMfl naTpy6xa 1 bcocto- 

flHMH nOTepM yCTOMHMBOCTM. 

nocne aToro npOM3BOA«T ycTaHOBxy naT- 
py6xa b 30He noepeKAeHMfl o6c3ahom xonoH- 
50 mw. 

AnnsToro c noMoiMbX) AepxaTenn (Ha nep- 
Toxe ne noxaaaH) naTpy6ox. 3a<t>HKCMpoBdH~ 

HUM B COCTORHMM nOTepM yCTOMHMBOCTM. 

cnycxax>T b cxsaxMHy m ycTdHaanMaatOT H3 
55 ypoBHe ynacTKa noapexcAeHMB o6caAHOM ko- 
noHHu. CT$irMBa»oiuMe naTpy6ox 1 $MxcaTopu 
7 cMMMax)T, nepeMeiqafl asepx coeAHHAioiAMe 

MX CTep>XHM 8, MTO npMBOAMT X CHflTMKJ P3AM" 

anbHow HarpyaxM. AeftCTByxDiqeM Ha naTpy6ox. 
JIoa AeftCTBMeM ycM/iMM b o6onoMxe. noTepnB- 
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ujefl ycToflMMBOCTb. naTpyfioK 1 B03BpamaeTC« 
b McxoAHoe paBHOBecHoe cocTOflHwe. 

B CM/iy Toro. mto wcxoahuK bhcujmmm ah- 
BM6Tp narpy6Ka HecKO/ibKO 6o/ibiue BHyTpeH- 
Hero AwaMeTpa o6caAHO* ko/iohhw. riaTpyGo* 
n/ioixo m paBHOMepHO npwxMMaeTCB k o6caA- 
ho* KonoHHe. nepexpuB ynacTOK noape^e- 

HHP. 

Bw/iM nposCAeHbi na6opaTopHbie ucnbrra- 
hur cnoco6a peMOHTa o6caAHbix ko/iohh Ha 
MOAe/in o6caAHOii ko/iohh w c uenbio npo- 
sepKM ero pa6oTOcnoco6HOc™. MoAenb 06- 
caAHOft ko/ioh Htsi npeACTaB/ifteT co6ofi 
TO/iCTOCTeHHyio Tpy6y c BHyTpeHHMM AwaMeT- 

POM 80. MM, fiapaMBTpOM 251.2 MM MAilMHOfi 

500 mm. 

DaTpy6oK Buno/iHen M3CTeK/ion/iacTMKa e 
8MA6 TOHKOdeHHoro xpyroBoro UM/IMHAPa. 
TO/iiUHHa ctchkm xoTOporo 0.3 mm. a nepwMeTp 
251.6 mm. 

B KaMBCTBe npomrMBaiomero ycTpoflcTsa 
ncno/ib30Ba/iacb KOHWMecxa* onpaaxa co 
bxoahum AwaMeTpoM 100 mm, bsixoahwm - 70 
mm, AflMHoa 600 mm c oahmm <J>opMoq6pa3yio- 
mwM CTepxcHeM BAO/ib BHyTpeHHef* noBepxHO- 
ctm onpaoKH. flpoTHWica ocyiuecTBnanacb 
Aas/ieHweM hb Topeu naTpy6xa. Ha BbixoAe M3 
npoTflrwBatotuero ycTpofcCTBa rtaTpy6oK MMen 
AHaMeTp 70 mm, npvmeM 4>opMOo6pa3yK)mwft 
CTepxceHb yxe He xacanca BWBepHyrott 060- 
/iomkm naTpy6xa. m b tbkom nonoaceHiw naipy- 
6ok dun noc/ieAoeaTe/ibHO CTHHyr AayMn 
<|>MiccaropaMii, coeAMHeHHUMM Me*Ay co6om 
AByMA craiibHbiMM cTepxHflMw. 

3aT6M naTpySox 6bi/r cnymeH b MOAenb 
o6caAHOft ko/iohhw ao ypoBH« 30HW noBpew- 
AeHM« o6caAHOft ko/iohhu c noMombK) Aep*a- 
re/i«. nonepenHbie paaMepw xoToporo He 
npeBbiuia/iti 70 mm. 3aTeM cTflmaaioimie <J>mk- 
caTopw CABMra/iM k BepxHeMy Topuy.naTpy6ica 
3a cmot ycwiMfl. nepeAaBaeMoro Mepe3 CTep*- 

HM. 

B MOMeHT CHflTMfl noc/ieAHero <t>niccaTopa 
CB06OAHUA ndTpy6ox no/iHoctbio bocct3ho- 



Bun cbok) 4>opMy, npHxcasuiwcb k BHyipeHHea 
creHxe o6caAHO* ko/iohhu m nepeKpuB 30Hy 
noBpe>KAeHMfl. 

AHanorMHHWM o6pa30M 6wnu nposeAeHw 
5 wcnbiTaHMB b ycnoBH«x no/iHoro aanonHenuR 
MOAenn o6caAHOPi ko/iohhu boao*. 

/Ia6opaTopHbie AaHHbie noATBepAn™ P a ~ 
6oTOCnoco6HOCTb AaHHoro cnoco6a peMOHTa 
o6caAHUX ko/iohh. riaTpy6oK nonnocTbio. 6e3 
10 noBpe»AeHMa m cx/i3aok BOCCTaHOBM/i cboio 
4>opMy m rtnoTHO o6nera/i BHyTpeHHiOK) creHKy 
o6caAHoa KO/ioHHw, M30/iMpyji 30Hy noepe*- 
AeHMfl. 

cDopMyna M3o6peT.eHM» 
15. Cnoco6 peMOHTa o6caAHbix ko/iohh. 
BioiK)MaiomMM noA6op n8Tpy6xa pacMBTHoro 
nepMMeipa, nonepesHyio Ae<fropMauwo naT- 
py6xa no Bceft AflWHe. cnycicero b cxaa^wHy m 
ycTaHOBicy b 30He noape^KAeHMR, o t n m n a 10- 
20 m w a c fl TeM. mto. c ue/tbio noBbJiueHM» 
3<t>4)eKTMBHOCTii peMOHTHwx pa6oT m o6ecne* 
weHMfl paaHOMepHorq npn*ca™« naTpy6xa no 
Bcea ero A/»wHe k o6caAHoa iconoHHe npw oa- 
HoapeMeHHOM ynpoiueHMM npouecca ycTa- 
25 hobkm naTpy6xa 3a cmbt MCKntoHeHMii 
AononHMTeflbHOro eo3AeacTBMfl na nero. Ma- 
Tepwa/i naTpy6xa Bbi6wpaiOT no MOAy/iK) ynpy- 
rocTM E, npuneM nocneAHwa onpeAennioT M3 

COOTHOUieHH« 



30 



E > 



1.4 P 



(h/R) 



tag P - KOHTaKTHoe AaajieHMe naTpyGxa Ha 

CTeHKM 06C3AH0a KO/lOHHbi: 

h - To/iiUMHa cTeHKH naTpy6xa: 
R - paAwyc BHyTpeHHea noaepxHOCTM 06- 
caAHoa KOnOHHW, 

a nonepeMHyio Ae<J)opMauwio aaTpy6Ka no 
Bce$ A^^ne ocymecTB/iflKDT ao noiepn ycToa- 
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(54) METHOD FOR CASING REPAIR 

(57) Use: repair of sections with localized 
failure and defects in casing walls. 
Essence of invention: a cylindrical sleeve 
of calculated perimeter is selected where 
the perimeter length is greater 



than the inside diameter [sic: last clause 
should be either perimeter... perimeter or 
diameter ... diameter] 2 of the section of 
casing to be repaired, while the length of 
the sleeve is greater than the length of 
the damaged interval. Transverse strain 
is produced in the sleeve along the entire 
length until it buckles (loss of stability), 
it is locked in this position, lowered into 
the well, and placed in the damage zone 
by means of locking devices, hi this case, 
the sleeve material is selected according 
to elasticity modulus E, which is 
determined from the relation: E = 
1 .4P/(h/R) 1 1/5 , where P is the contact 
pressure of the sleeve on the casing wall; 
h is the wall thickness of the sleeve; R is 
the radius of the inside wall of the 
casing. 4 drawings. 



[Figure 1 spans columns 1 and 2, under header] 

[see Russian original for figure] 
A B 
A B 
Fig. 1 

[vertically along right margin] 
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The invention relates to technology for repair operations in the oil production 
industry, and specifically to methods for repairing sections with localized failure and defects 
in the casing walls. 

The aim of the invention is to improve the efficiency of repair operations and to 
ensure that the sleeve is uniformly squeezed against the casing along its entire length, with 
simplification of the process of setting the sleeve by eliminating additional operations on it. 

Fig. 1 depicts the device for buckling the sleeve; Fig. 2 shows the A-A cross section 
in Fig. 1; Fig. 3 shows the B-B cross section in Fig. 1; Fig. 4 depicts the sleeve locked in the 
buckled condition. 

The device for buckling sleeve 1 (a drawing device) is a conical mandrel 2 with 
shaping bar 3 and rollers 4, attached along the length of the mandrel. Rollers 4 are connected 
to mechanical drive 5, which is rotated by motor 6. After the sleeve is buckled with the help 
of this device, it is locked in this condition by means of locking devices 7, interconnected by 
rods 8. Drive 5 is a gear drive with one drive gear 9 and two follower gears 10, 11. Drive 
gear 9 is mounted on output shaft 12 of motor 6; upper outside roller 4 is mounted on shaft 
13 of the upper follower gear, while lower outside roller 4 is mounted on shaft 14 of the 
lower follower gear. Rollers 4 (both upper and lower) are connected by drive belt 15. 
Rollers 4 that are not connected with shafts 13 and 14 are implemented as elastoplastic or 
spring-loaded, and consequently they track the deformation of the sleeve. The side rollers 4 
are attached to conical mandrel 2 so that they can rotate. They are not spring-loaded and are 
mounted co-axially with shaping bar 3. 

The repair method involves the following. 

First, a sleeve of the calculated perimeter and elasticity is selected. Sleeve 1 is 
implemented as a thin-walled circular cylinder made from material having the property of 
elasticity, where the perimeter of the cylinder is greater than the inside perimeter of the casing 
to be repaired while the length is greater than the damaged interval of casing. The material 
used for fabricating the sleeve may be 
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high-quality quenched steel, fiberglass-reinforced plastic, and other materials characterized 
by the fact that the stresses arising in them after buckling do not exceed the yield stresses for 
the given materials, i.e., they correspond to elastic deformations of these materials. 

Then transverse strain is produced in the sleeve over the entire length until it buckles, 
and it is locked in this condition. For this purpose, sleeve 1 is fed into the opening of 
mandrel 2 of the drawing device after first turning on motor 6, which rotates rollers 4 with 
the help of mechanical drive 5. Rollers 4 grip the sleeve and pull it into conical mandrel 2 of 
the device. As the sleeve moves along the inside surface, there is a gradual increase in the 
radial load acting on the sleeve on the mandrel side due to the decrease in its diameter. We 
know that thin elastic shells buckle (lose stability) under the action of a radial load, going to a 
new equilibrium state with bulging turned toward the central axis of the cylinder. Shaping 
bar 3 serves to ensure buckling of the sleeve, concentrating the radial load on the buckling 
sleeve. Further pulling of the sleeve is associated with continuing increase in the radial load 
and leads to an increase in the bulging of the shell of the buckled sleeve, as a result of which 
the sleeve dimensions will correspond to the run-in dimensions of bodies lowered into the 
well. At the moment the sleeve reaches the run-in dimensions, it is pulled toward the end of 
mandrel 2, and at the exit from the mandrel it is clamped by several locking devices 7 (see 
Fig. 4) which are rigidly interconnected by rods 8. The operation of locking sleeve 1 in the 
buckled condition is accomplished thereby. 

After this, the sleeve is placed in the damage zone of the casing. 

For this purpose, with the help of a holder (not shown in the drawing), the sleeve, 
locked in the buckled condition, is lowered into the well and placed at the level of the 
damaged section of the casing. The locking devices 7 clamping sleeve 1 are released by 
means of upward displacement of rods 8 connecting them, which results in removal of the 
radial load acting on the sleeve. Under the action of the stresses in the buckled shell, 
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sleeve 1 returns to the original equilibrium state. 

Because the original outside diameter of the sleeve is slightly greater than the inside 
diameter of the casing, [sic: the latter should be a clause of the next sentence, not an 
independent sentence] The sleeve is tightly and uniformly squeezed against the casing, 
sealing off the damaged section. 

Laboratory tests of the method for casing repair were conducted on a model of a 
casing in order to verify its feasibility. The model of a casing is a thin-walled tube with 
inside diameter 80 mm, parameter [sic: parameter should be perimeter] 251 .2 mm, and length 
500 mm. 

The sleeve is made from fiberglass-reinforced plastic in the form of a thin-walled 
circular cylinder with wall thickness 0.3 mm and perimeter 251.6 mm. 

As the drawing device, we used a conical mandrel with entry diameter 100 mm, exit 
diameter 70 mm, length 600 mm and with one shaping bar along the inside surface of the 
mandrel. Pulling was accomplished by pressure on the end of the sleeve. At the exit from 
the drawing device, the sleeve had a diameter of 70 mm, where the shaping bar no longer 
touched the twisted shell of the sleeve, and in such a position the sleeve was successively 
clamped by two locking devices interconnected by two steel rods. 

Then the sleeve was lowered into the model of a casing, down to the level of the 
casing damage zone, using a holder with transverse dimensions no greater than 70 mm. Then 
the clamping locking devices were shifted toward the upper end of the sleeve as a result of 
the force transmitted through the rods. 

At the moment when the last locking device was released, the free sleeve completely 
recovered 
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its shape and was squeezed against the inside wall of the casing, sealing off the damage zone. 

Tests were similarly conducted under conditions when the model of a casing was 
completely filled with water. 

Laboratory data confirmed the feasibility of this method for casing repair. The 
sleeve, without damage or crumpling, completely recovered its shape and fit tightly against 
the inside wall of the casing, isolating the damage zone. 

Claim 

A method for casing repair, including selection of a sleeve of the calculated perimeter, 
transverse strain of the sleeve along the entire length, its lowering into the well and 
placement in the damage zone, distinguished by the fact that, with the aim of improving the 
efficiency of repair operations and ensuring that the sleeve squeezes uniformly against the 
casing along its entire length while at the same time simplifying the process of placing the 
sleeve by eliminating additional operations on it, the sleeve material is selected according to 
the elasticity modulus E, where the latter is determined from the relation 

E >1.4P/(h/R) 11/5 

where P is the contact pressure of the sleeve on the casing wall; 

h is the wall thickness of the sleeve; 

R is the radius of the inside surface of the casing, 
and transverse strain of the sleeve along its entire length is accomplished until it buckles 
(loses stability), then it is locked in this condition and the locking devices are released after it 
is lowered to the damage zone. 
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